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1

DATA PROCESSING SYSTEM HAVING UNIQUE
BUS CONTROL OPERATION

INTRODUCTION

This invention relates to data processing systems
using micro-processors and, more particularly, to sys-
tems using two-level microcode architecture.

BACKGROUND OF THE INVENTION

Data processing systems have generally been devel-
oped to provide system configurations which range
from compact, singleboard microcomputers to more
complex, high performance minicomputers. Such sys-
tems use microcode architecture in which macroin-
structions are suitably decoded so as to provide access
to a microinstruction or to a sequence of more than one
microinstruction obtained from a suitable data store
thereof.

Generally, in such systems, for example, a macroin-
struction is appropriately supplied from a macroinstruc-
tion register to suitable decoding logic so as to provide
a starting address for access in the microinstruction data

store (sometimes referred to as the microcode store) of

an initial microinstruction of a sequence thereof. The
accessed microinstruction includes control infromation
for performing the instruction designated and sequence
information for determining the microaddress of the
next microinstruction of the sequence. Each sequential
microinstruction contais the same kind of information
until the last microinstruction of the sequence has been
accessed at which point the microinstruction routine
having been completed, the system is ready to decode
the next macroinstruction.

Such systems normally require a relatively large mi-
crocode data store utilizing microinstruction words
which are relatively wide (i.e., they contain a relatively
large number of bits) so as to contain the required con-
trol and sequencing information. While the use of rela-
tively wide microinstruction words provides higher
speed operation (i.e., a large number of bits are simulta-
neously available in paralle] to provide the control and
sequencing operations) such systems tend to be more
costly not only because the number of storage bits in
microcode data store becomes relatively high but the
data paths for handling a wide microinstruction word
become more complex and the system requires more
expensive components and data path configurations.

In order to reduce the data storage space required for
the microinstructions and to avoid handling a large
number of “wide” instruction words, certain microcode
systems have utilized “two-level” microcode store tech-
niques as opposed to one level microcode stores as
discussed above. Such two-level configurations arise
from the recognition that control information in the
microinstruction words are often common to a large
number of the microinstructions. Therefore, in order to
avoid the repetitive storage of the same relatively large
number of data bits required to store all of the control
and sequencing information for each microinstruction
separately, control information, which is common to
many microinstructions, is stored in one ROM store
separately from sequencing information which is stored
in a different ROM store. At the “first level” of opera-
tion the sequencing process is performed at the se-
quence microcode store ROM to produce sequential
addresses to access control information in the control
microcode store ROM which at the “second level” of
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operation provides the control information required to
sequentially perform the particular microinstruction
involved, which latter information may be common to
many microinstructions.

Such two-level approach tends to reduce the micro-
code storage space required in comparison with one-
level microcode systems. Such two-level technique,
however, may tend to provide only a limited microcode
operational capability since the limited control store
capacity may permit the system to be designed for a
specified set of microinstructions with no real flexibility
for providing for expansion of the basic microinstruc-
tion set in order to increase the operational capability of
the overall system.

SUMMARY OF THE INVENTION

This invention utilizes an extension of the two-level
concept which increases the power of a two-level mi-
crocode system in that it provides a capability for
greatly expanding the microinstruction set without in-
creasing the size of the microcode control store. In
accordance therewith, the system includes what has
been termed an “orthogonal” microcontrol store in
which a first, or “vertical”, microcontrol store provides
a “narrow” microinstruction word portion having one
field comprising a selected number of vertical microin-
struction bits for selecting one of a plurality of second
or “horizontal” microinstructions from a second level,
or horizontal, microcontrol store, one or more “modi-
fier” fields, as described more fully below, and a se-
quencing field for presenting the address of the next
(Le., each successive) vertical microinstruction in a
sequence thereof. Each horizontal microinstruction
represents a basic function to be performed but, unlike
prior systems, one or more of the fields thereof are
subject to modification by the modifier field of the ver-
tical microinstructions. For example, prior two-level
systems use a vertical sequence store which merely
specifies the address of a particular control word in a
horizontal control store, the control word requiring the
movement of data from a first specified register (e.g.,
general register GR1) to a second specified register
(e.g., general register GR2). In contrast the two-level
microcode system of the invention might, for example,
specify, with a vertical microinstruction, a horizontal
instruction which requires the movement of data from
an unspecified location to an unspecified location. Such
microinstruction would be common to a large number
of data movement instructions. The vertical microin-
struction could then also contain in its modifier fields
the specific source and destination locations for such
data movement and thereby modify the basic horizonal
microinstruction so as to identify such locations therein.

Further, the two-level microcode system of the in-
vention can be arranged so that the vertical microin-
structions can be fetched from control stores which are
located directly on the microprocessor chip or, alterna-
tively, from external microcontrol sources. The hori-
zonal microcontrol store can also be located directly on
the microprocessor chip.

The power of each horizontal microinstruction is
effectively multiplied by the modifications of such mi-
croinstructions which can be achieved by the vertical
microinstructions, such technique being sometimes des-
ignated herein as a two-level ‘‘micro-modification”
technique. Since each horizontal micro-instruction can
be modified by a large number of vertical microinstruc-
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tions to represent thereby a large number of overall

unique microinstructions, a relatively small number of

horizontal microinstructions can be used to provide a
general, but efficient set of basic control operations,
sometimes referred to as “control primitives”.

The system of the invention also includes the capabil-
ity for providing communication with peripheral de-
vices via more than one input/output (1/0) bus. For
example, the system in a preferred embodiment pro-
vides a system /0 interface unit which includes means
for identifying all devices which are currently present
on a selected one of the 1/0 buses using unique “pol-
ling” techniques for such purposes as discussed below.
Further, the system 1/O interface unit is arranged to
provide direct control of the transfer of information
through the system I/O interface unit to the selected
bus which has been polled and indirect control of an
auxiliary interface unit for providing transfer of infor-
mation through the auxiliary unit to another selected
bus which has not been polled.

The system I/0 interface unit also utilizes one or
more counter signals, each of which has a substantially
constant frequency and is derived from a system input
clock signal. The system 1/0 interface unit, however,
may receive a system input clock signal which has any
one of a plurality of different, but known, frequencies.
Accordingly, such unit includes a unique frequency
synthesizer unit which can respond to any of the plural-
ity of different frequency input signal and can still de-
rive the desired one or more counter signals therefrom
at the desired substantially constant frequencies in-
volved.

Further, the system of the invention includes a unique
system bus protocol which prevents simultaneous ac-
cess to the system bus by two competing system compo-
nents. Moreover, the system bus protocol permits a
system component to obtain control of the system bus
directly without the requirement for a bus control deci-
sion to be made by the central processor unit, so long as
all other system components have indicated that the
system bus is ready for access and so long as no other
system component has asserted a signal indicating its
refusal to relinquish prior control of the system bus.

DESCRIPTION OF THE INVENTION

The various aspects of the invention can be described
more fully with the help of the accompanying drawings
wherein:

FIG. 1 shows a broad block diagram of an overall
system in accordance with the invention;

FIG. 2 shows a block diagram of an exemplary cen-
tral processor unit (CPU) of the system of FIG. 1;

FIG. 3 shows a more specific block diagram of the
vertical sequence unit of the CPU of FIG. 2;

FIG. 4 shows a more specific block diagram of the
micromodification unit of the CPU of FIG. 2;

FIGS. 5-7 show block diagrams of exemplary logic
useful in controlling system bus protocol for the system
of FIG. 1;

FIGS. 8 and 8A show a block diagram of the system
I/0 interface unit of FIG. 1;

FIG. 8B shows a more specific block diagram of a
portion of the system 1/0 interface unit of FIGS. 8 and
BA;

FIG. 9 shows a more specific logic diagram of the

master control finite state machine and control logic of

FIGS. 8 and 8B;
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FIG. 10 shows a more specific logic diagram of the
microNOV A finite state machine and control logic of
FIGS. 8A and 8B;

FIGS. 11 and 12 show more specific logic diagrams
of the microNOV A polling logic of FIGS. 8, 8A and
8B;

FI1G. 13 shows a more specific block diagram of the
frequeny synthesizer unit of FIG. 8;

FIG. 14 shows a chart which depicts the parsing
algorithm used for the operation of the frequency syn-
thesizer of FIG. 13;
and

FIG. 15 shows an exemplary timing diagram of the
frequency synthesizer output signal as generated from
either of two exemplary input signals thereto.

An overall system using the techniques of the inven-
tion is shown in FIG. 1 wherein a microprocessor chip
10 (identified as a central processor unit or CPU in the
figure) is interconnected via an appropriate system bus
11 with a memory system 12, one or more system 1/0O
units 17, one or more external microcontroller chips 13
(identified as “XMC” chips) and a system input/output
interface unit 14 (identified as the system 1/0 interface)
and a further interface unit 14A (identified as ECLIP-
SE (®) 1/0 interface) which latter units interface with
appropriate buses 15 and 15A for external input/output
devices. For example, in a particular embodiment the
system is designed to operate with peripheral (1/0)
units of the microNOVA ® type as used with mi-
croNOV A (®) computer systems as made and sold by
Data General Corporation of Westboro, Mass. and with
peripheral (1/0) units of the ECLIPSE R) type as used
with ECLIPSE ® computer systems made by Data
General Corporation.

In a particular embodiment thereof the system bus 11
is a 16-bit parallel system bus, as shown, while micro-
code bits from the external microcontroller chips 13 are
transmitted to the CPU in a time-multiplexed fashion
via a suitable dedicated eight-bit microcode bus 16.

FIG. 2 depicts a more detailed block diagram of CPU
10, the eight-bit external microcode bus 16 supplying its
microcode bits to an appropriate external microcon-
troller chip (XMC) interface unit 17A and the system
bus 11 being connected to a suitable bus transceiver unit
18 capable of accepting or of supplying apporpriate data
for transmission to and from the CPU.

The CPU utilizes macro-intruction logic which in-
cludes macro-instruction register (IR) 19 and program
counter {PC) register 20, together with a suitable regis-
ter file 21, comprising appropriate general registers and
accumulators, and a suitable arithmetic logic unit
(ALU) and shifter unit 22 having “A” and “B” inputs
and a “C” output, such registers, accumulators, ALU
and shifter components being capable of implementa-
tion using suitable configurations well known to the art.

A plurality of four internal buses 23, 24, 25 and 26
provides for appropriate internal data paths among such
units, as shown in FIG. 2. The C-output of the ALU and
shifter logic 22 is supplied to the other units as well as to
the system bus via bus transceiver on internal C-bus 23.
The A and B inputs to the ALU and shifter logic 22
communicate with the other units via internal A-bus 24
and B-bus 25, respectively. Internal bus 26 provides a
direct path from the registers and accumulators to the
system bus 11 via bus transceiver 18. The use of such
multiple internal data paths permits several concurrent
operations to occur within a single microcycle, which
in the particular embodiment discussed here 1s 400
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nanoseconds. In accordance therewith, 16-bit register-
to-register operations are performed in one microcycle
(sometimes referred to as a T-period) and memory-to-
register transfers are performed in two microcycles
(two T-periods).

The two-level microcontrol stores are depicted as
vertical control read-only-memory (ROM) 31 and hori-
zontal control ROM 32. In a particular embodiment of
the invention, the first level, or vertical, control ROM
31, provides an 18-bit vertical microinstruction, 6 of
such bits being used to select one of a plurality of sec-
ond level, or horizontal, microinstructions at horizontal
microcontrol ROM 32, there being 64 of such instruc-
tions stored therein in the particular embodiment shown
here. Horizontal control ROM 32 provides horizontal
microinstructions having 33 bits, in a particular embodi-
ment, the horizontal control ROM, for example, having
a 6433 bit configuration. In the embodiment de-
scribed, eight bits from the vertical control store 31 are
used to provide two 4-bit modifier fields which can be
used to modify the horizontal microinstruction which
has been selected from the horizontal microcontrol
ROM as discussed below. The remaining four bits of
each vertical microinstruction are used to control the
sequencing of the vertical microinstructions, i.e., to
specify the next address mode from vertical control
ROM 31 via appropriate vertical sequencing logic 33.
The modification of specified fields of the selected hori-
zontal microinstruction by the two modifier fields of the
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unit 33 at internal 4-bit bus 44. If the microinstruction
from vertical control ROM 31 requires a branch, or
jump, to another vertical microinstruction rather than
the selection of a horizontal microinstruction, the modi-
fier bits are used to specify the branching operation and
the 6-bits normally used to select a horizontal microin-
struction comprise a ‘“‘no-operation” (NOOP) code
which inhibits the micro-modification unit 34 from
using the 8-bit modifier fields for modification of a hori-
zontal microinstruction.

Thus, in the micro-modification process, two 4-bit
fields, for example, of the vertical microinstruction can
be substituted for two or more 4-bit fields of the selected
horizontal microinstruction. The technique of substitut-
ing vertical modifier fields into selected horizontal
fields effectively multiplies the power of each horizon-
tal microinstruction so that the overall orthogonal, two-
level microcontrol store approach described provides a
general, yet bit-efficient, set of basic horizontal microin-
struction operations, sometimes referred to as control
primitives having powerful capabilities for expanding
the number of microinstructions in the microinstruction
set of the overall system.

It 1s helpful in understanding the micro-modification
process to consider a complete horizontal microinstruc-
tion set stored in horizontal control ROM 32 as set forth
in Appendix A.

In a particular embodiment, for example, the horizon-
tal microinstructions each include the following nine

vertical microinstruction is accomplished via appropri- 30 fields as shown below:

ate micro-modification logic 34 which thereupon
supplies a 35-bit microinstruction word which is suit-
ably decoded by horizontal decode logic 35 to provide
the necessary control signals and sequencing signals
required for performing the function of the selected
microinstruction.

Vertical microinstructions can be fetched either from
the CPU-resident vertical control ROM 31 or from an
external microcontroller chip 13 (see FIG. 1) via exter-
nal microcontroller chip interface unit 17A, while hori-
zontal microinstructions are fetched from the CPU-resi-
dent honizontal control ROM 32. External microcode
can be obtained from an XMC unit 13 by the use of
suitable time-multiplexing techniques, the external ver-
tical microcode comprising 16 bits supplied in time-mul-
tiplexed 8-bit microcode bus 16.

The sequence of microinstructions required to be
decoded by horizontal decode logic unit 35 is begun by
a suitable decoding of a macroinstruction from instruc-
tion register 19 by a decode control programmed logic
array (PLA) unit 40. Decoding of such macroinstruc-
tion by the decode control PLA unit 40 provides an
Iinitial vertical microinstruction on internal bus 39, as
well as supplying on internal bus 41 the address of the
next microinstruction which is to be fetched from the
vertical control ROM 31. The sequencing of vertical
control ROM 31 is appropriately controlled by the 9-bit
sequence control signal supplied from wvertical se-
quencer logic 33 via internal bus 43. Once the decode
control PLA unit 40 supplies the initial microinstruction
and the address for the next microinstruction from ver-
tical control ROM 31, the sequencing of subsequent
vertical microinstructions from ROM 31 is determined
by the sequencing bits supplied to vertical sequencer
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The A-BUS field defines the source of the data for
the A-mnput of ALU/shifter 22 on A-bus 24 while the
B-BUS field defines the source of data for the B-input of
the ALU/shifter 22 on B-BUS 25. The ALU field de-
fines the operational function to be performed by the
ALU while the SHF field defines the shifter function.
The DEST field defines the destination for the data
which is placed on C-BUS 23 from the ALU/shifter 21.
The ADR field defines the source of the memory ad-
dress while the MEM field provides control for the
interconnection between the system bus 11 and the
C-BUS 23. The TEST field is used to identify various
system conditions to be tested, while the RAND (ran-
dom) field provides for other special control functions.
Appendix A sets forth in more detail the meanings of
each of the above fields. |

The vertical microcontrol ROM 31 is a ROM config-
uration which in a particular embodiment, for example,
includes 288 microinstruction words, each 18 bits wide,
one horizontal microinstruction being executed for each
vertical microinstruction that is executed. Sequences of
vertical microinstructions interpret macro-instructions
(1.e. machine instructions as decoded by decode control
PLA unit 40).

The vertical microinstructions each involve the fol-
lowing four fields as shown below:

6 4 4 4
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The 6-bit ADRH field defines the address of the
horizontal microinstruction which is to be selected in
the horizontal main control store 32. The 4-bit V1 field
defines the first modifier (sometimes referred to as mod-
ifier 1) for the selected horizontal microinstruction
while the 4-bit V2 field (modifier 2) defines the second
modifier for the selected horizontal microinstruction. A
4-bit NAM field which is supplied to the vertical se-
quencer logic 33 identifies the next address mode for
selecting the next sequential vertical microinstruction,
such mode bits being used to generate a new vertical
program counter 9-bit address. Appendix B sets forth in
more detail the meaning of each of the above fields.

As can be seen in Appendix A, in many of the hon-
zontal microinstructions certain fields are specified as
requiring one of the vertical microinstruction modifier
fields, identified as either the V1 vertical modifier field
or the V2 vertical modifier field. The remaining fields
of each of the horizontal microinstructions are fixedly
specified as shown. In a particular horizontal microin-
struction, for example, identified as a “write memory”
(WMEM) microinstruction, all fields thereof are speci-

fied except the ABUS field, which requires the use of

the V1 vertical modifier field, and the ADR field,
which requires the use of the V2 vertical modifier field,
the V1 and V2 modifier fields being capable of identify-
ing one of a plurality of sources of the data to be written
(V1) and one or more addresses at which said sourced
data is to be written (V2). Thus the basic and general
write memory (WM) microinstruction can, with modifi-
cation by the modifier fields, be used to generate a large
number of specific “write”’ microinstructions with re-
gard to a large combination of data sources and address
destinations. In the particular embodiment discussed the

use of two modifier fields permits a large number of

microinstructions to be generated from only 64 basic
horizontal microinstructions.

The decode control PLA unit 40 has a configuration
which contains microinstructions each having 24 bits.
Such unit is addressed with a 16-bit address from the
instruction register 19 and provides the initial vertical
microinstruction decoded from the macro-instruction
and a 9-bit pointer to the next vertical microinstruction

in the vertical control ROM 31 when a sequence of

more than one microinstruction is required, as well as a
flag which may invoke a subsequent macro-instruction
for decoding where only a single microinstruction 1s
required, as discussed below. There are as many entries
in the decode control PLA unit 40 as there are macro-
instructions implemented by the system of the inven-
tion.

The five fields of a starting microinstruction of de-
code control PLA unit 40 are shown below:

6 4 4 0 1
o [ [0

The 6-bit ADRH field is the same as that described
above with reference to the vertical microcontrol ROM
31, the 4-bit V1 field and the 4-bit V2 field also being the
same as those described above with reference to the
vertical microcontrol ROM. In addition, the decode
control PLA unit supplies a nine-bit ADRY field which
is the address in the vertical control ROM 31 of the
second microinstruction of the microinstruction se-
quence required for the decoded macro-instruction. A
single bit (the D field) indicates that the single microin-
struction provided by the decode control PLA suffices
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to interpret the macro-instruction. In this case the
ADRY field is ignored. A more detailed summary of
the five fields of a starting microinstruction is set forth
in Appendix C.

The vertical and horizontal control ROMs and the
decode control PLA unit are conventional logic units
well known to the art and need not be shown in greater
detail. Logic for the vertical sequencer unit 33 and
micromodification unit 34 are shown in FIGS. 3 and 4,
respectively.

As can be seen in FIG. 3, for example, the vertical
sequencer in a particular embodiment can comprise a
vertical program counter unit 100 and a multiplexer unit
101 which selects any one of five input signals to pro-
vide (1) for the decoding of the 9-bit output from de-
code control PLA unit 40, (2) for a jump (branch) or a
call operation, identified by the zero-bit (VPCd) of the
program counter and the vertical modifier fields V1 and
V2, (3) for a SKIP operation, i.e., a skip of the next
program counter (PC+ 1) output to the next subsequent
program counter output (PC4-2), (4) the next program
counter (PC+1) output, or a RETURN operation
wherein the next program counter output (PC+1) is
saved (as when an interrupt operation occurs) and then,
following the interrupt routine, the vertical sequencer
returns to the (PC+ 1) output.

The multiplexer operation is controlled by switching
control logic 102 which provides for the next address
mode of operation (wherein one of the above five oper-
ations is selected) when the test conditions required are
present.

FIG. 4 shows the micromodification unit 34 which
comprises a plurality of 2, or 3, input multiplexers 105
each of which includes either a 4-bit horizontal input
(for horizontal fields ABU, BBUS, ALU, SHF, DEST,
TEST and RAND), a 3-bit horizontal input (for hori-
zontal ADR field) or a 2-bit horizontal input (for hori-
zontal MEM field) and either a V1 input (horizontal
fields, ABUS, ALU, RAND), a V2 input (horizontal
fields BBUS, SHF, ADR, MEM and TEST) or both V1
and V2 fields (horizontal DEST field), as shown in
Appendix A. The 4-bit horizontal inputs (HROM 1in-
puts) control the selection of the multiplexer input as
either from the HROM bits or the V1 or V2 bits for
supply to the horizontal decode logic 33.

The above discussed embodiment utilizes the particu-
lar fields specified for the horizontal microinstructions
and set forth in Appendix D. In most cases, as can be
seen, the horizontal fields which use the vertical modi-
fier fields are those which specify source and destina-
tion locations. For example, for an INCH (increment)
microinstruction, the A-BUS field is modified by the V1
vertical modifier field, the data at the location specified
by V1 to be incremented being placed on the A-BUS,
and the DEST field is modified by the V2 vertical mod-
ifier field, the incremented data then being placed in the
location specified by V2.

The memory field (MEM) in the particular embodi-
ment described bears special scrutiny. Up to 16 memory
operations can be defined by using a 4-bit MEM field.
However, as is noted in Appendix D only four opera-
tions are specified, ie.,, NOOP (no operation), RM (read
memory), WM (write memory), and a V2 field. In this
case the V2 field must be used to specify memory opera-
tions other than RM and WM. Thus, as can be seen In
specific horizontal microinstruction micro-order encod-
ings of Appendix E, the V2 modifier can specify the
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other memory operations (i.e., WHM, RMOD, WLM,
RHYP, etc.). Thus, the MEM field need only use 2 bits
(rather than 4 bits) with a vertical modifier used to
specify all operations other than an RM and a WM.
Thus, the horizontal control ROM 32 needs to provide
only 33 bits, as shown in FIG. 2. However, as seen in
Appendix E, and as shown in FIG. 4, 35 bits can be
supplied to the micro-modification unit 34, two of the
MEM bits 23-26 having no operating significance.

In each case where the memory operation is defined
by the V2 modifier, the V2 modifier cannot be used to
specify any other field and only the V1 modifier is free
to modify one or more other fields, as appropriate.
However, for both RM and WM operations both V1
and V2 modifiers are so available. Since most memory
operations are RM or WM operations (where both V1
and V2 modifications are available), the modifier limita-
tion placed on the other (not RM or WM) memory
operations is not severe inasmuch as such latter opera-
tions are not often used. However, the overall flexibility
of the MEM field operations is considerably increased
since only four microinstructions are needed to specify
memory operation horizontals. The use of the V2 modi-
fier field increases the range of micro-order (control
states) for memory operations to 15 additional micro-
orders, as shown in Appendix E.

A similar arrangement may be used for other horizon-
tal microinstruction fields, if desired, and the overall
honzontal control ROM can be used to specify rela-
tively few microinstructions, the range of micro-orders
thereof being considerably increased by defining addi-
tional control states by using a vertical modifier field.
While the use of one of the two vertical modifiers for
such purpose limits the ability to modify more than one
other field, in many instances the need to modify more
than one other field may not be critical. Obviously, if
one increases the number of vertical modifier fields,
flexibility increases in this regard at the cost of a larger
vertical microinstruction word.

In the limtt, it may be possible to use a single horizon-
tal microinstruction with a single bit for each field
thereof which bit in each case specifies whether a modi-
fier is to be used for such field or whether a default
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available vertical modifiers should be sufficient to per-
mit modification of all fields which require it for each
definable micro-order. The range of horizontal microin-
struction micro-orders can thereby be considerably
increased at the expense of the requirement for rela-
tively large vertical microinstruction words having the
desired number of modifier fields.

SYSTEM BUS PROTOCOL

Information transfer (i.e., addresses, data, instruc-
tions, etc.) to and from the CPU from system compo-
nents other than the CPU, such as one or more memory
units and one or more input/output (I/0) devices, takes
place on the 16-bit system bus 11 either directly or via
interface units 14 and 17. An effective system bus proto-
col must be utilized in order to provide for the correct
transfer of such information. In this connection, each
bus transaction comprises two segments, one of which
can be identified as a “specifier” segment and the other
of which can be identified as a “‘data’ segment.

The timing of the system operation is synchronized
by two externally generated clocks, identifiable as
phase-1 (¢-1) and phase-2 (¢-2) clocks. The clocks di-
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vide a2 microcycle time period (sometimes referred to as
a “T-period”) into a ¢-1 portion and ¢-2 portion.

During the specifier segment the bus is used to de-
scribe the type of bus cycle operation which is occur-
rnng (e.g., a memory reference operation or an I/0
operation) and information describing the target of the
transaction (e.g., an address for a memory reference
operation). The specifier segment always occurs during
the first ¢-1 portion of a bus transaction and cannot be
extended. During the data segment the bus is used to
transfer data as, for example, to or from the addresses or
170 devices specified in the specifier segment. The data
segment begins in the first ¢-2 portion of a bus transac-
tion and may be extended by an integral number of
additional microcycles (each having ¢-1 and ¢-2 por-
tions). The ¢-1 and ¢-2 portions of the T-period may
generally be separated by an essentially fixed time gap
(e.g., 15 nanoseconds) and, at any rate, must be set up so
as to provide no overlapping of the phases.

In operation, a particular sysiem component may be
transferring data on the system bus during the data
segment of its bus transaction while another component
waits to transfer an address during the ¢-1 portion of
the specifier segment of the next bus transaction. In
time-multiplexed systems of the type described here,
frequent bus *turn-around” operations of this nature
glive rise to problems. Because of delays in various logic
components used in the operation of the system, the
transfer of data during the data segment of one bus
transaction may not be fully completed by the start of
the ¢-1 portion of the specifier segment of the next bus
transaction. Accordingly, the second component may
attempt to place its address on the system bus before the
data transfer for the previous component has been com-
pleted.

Such a condition will produce a relatively high in-
stantaneous surge of current which will tend to have an
adverse effect on the system. For example, if system
components are formed as TTL circuitry, the current
surge will tend to cause undesirable noise effects, i.e.,
electromagnetic interference, to occur throughout the
system as well as tending to provide a long-term ad-
verse impact on the TTL components themselves. Fur-
ther, if the CPU is formed as an integrated circuit chip,
for example, by MOS techniques, such a current surge
will also adversely impact upon at least the long term,
and possibly the short term, reliability of the MOS chip.
Therefore, it is necessary to devise an appropriate tech-
nique for avoiding any overlapping of the system com-
ponent bus driver operations which may result from the
actton of two different components at a bus turnaround
operation in attempting to access the bus simultaneously
(a “bus fighting” condition). |

One previous solution to such problem has been to
utilize a “dead” cycle (i.e., a non-operating cycle) at a
bus turnaround operation, e.g., between the completion
of each data transfer operation and the start of the next
operating cycle, such as an address transfer operation,
or vice-versa. During such dead cycle no information
can be driven on to the bus and the bus in effect is idle.
However, the presence of an extra dead cycle under
such conditions either will require a basic microcycle
clock of much higher resolution or will cause the opera-
tion of the overall system to be slower than desired.
Accordingly, the use of a dead cycle is generally an
undesirable approach to the problem.

Another proposed solution to the problem is to widen
the separation between the two time phases, ¢-1 and
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¢-2, of the T-period. However, the use of a wider gap

lengthens the overall T-period and, accordingly, slows
the system down to an even greater extent.

In accordance with the system discussed here the bus
access overlap problem is avoided by the suitable gener-
ation of an address enable signal (ADREN) and a data
enable signal (DATEN). The assertion of an ADREN
signal indicates that a valid address is present on the
system bus, while the assertion of a DATEN signal
indicates that data is present on the system bus. If a
DATEN signal is asserted, the address drivers of all
other units which are capable of placing an address on
the system bus are inhibited from operation. In a similar
manner all data drivers are inhibited so long as an
ADREN signal is asserted.

The ADREN signal is generated by the system com-
ponent which has requested the current bus cycle to be
started and indicates that information describing the
type of bus cycle operation which is occurring has been
placed on the bus. The particular system as described
herein, for example, can initiate one of four different
types of bus cycle operations, namely, a program mem-
ory reference, a console memory reference, an 1/0
operation, or a local memory reference operation.
When the ADREN signal is asserted the system identi-
fies which of the above four operations is to occur by
placing an appropriate 16-bit word on the bus together
with an additional bit as described below.

Thus, for a program memory reference the 16-bit
word comprises a 15-bit address in bit positions 1-15,
while bit ¢ of the word is used in conjunction with an
additional bit supplied at an additional pin, designated as
the memory cycle (MEMCYC) pin, as follows:

CYC

0 i 15
D . ADDRESS

TYPE OF
OPERATION

MEM

In the system described, for example, the memory refer-
ences may be to a standard NOVA/Eclipse logical
address space to be used for program execution in
NOVA and Eclipse computers made by Data General

Corporation, Westboro, Massachusetts, the operation of

which is well known to the art. For such program mem-
ory reference, the states of the MEMCYC and bit ¢ pins
identify the program memory reference operation,
while the remaining 15 bits comprise the logical address
for the memory reference. The combination of the
MEMCYC and bit ¢ states are used to define each of
the four system operations involved, as follows:

M
MEMCYC BIT ¢ OPERATION
0 0 1/70 Operation
0 1 Local Memory Reference
1 0 Program Memory Reference
i 1 Console Memory Reference

In the case of console memory operation which relates
to address space used to store software for console
operations, for example, the MEMCYC and bit ¢ pins
define the console memory reference operation while
again the remaining 15 bits define a console address.
The local memory reference relates to address space
which contains instructions for implementing inter-sys-
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tem communications (e.g., communications between
the system CPU and other processors, etc.) and accord-
ingly the system operation word includes a 15 bit local
memory address. The 1/0 operation format which is
placed on the system bus is discussed in more detail
later.

When the bus type operation descriptor (i.e., the
appropriate address or 1/O function definition) is placed
on the bus the ADREN signal is asserted. When what-
ever data involved is to be transferred on the bus, for
example, during ¢-2 of the bus cycle, the ADREN
signal is no longer asserted. The DATEN signal 1s as-
serted to indicate that a data transfer is taking place on
the system bus so that all address drivers on the system
are inhibited from operation, as mentioned above. The
DATEN signal is supplied by the particular system
component which is supplying the data which is being
placed on the system bus.

The use of ADREN and DATEN signals for such
control protects against the bus fighting condition
which occurs during bus turnaround operations because
of time delays in the system logic and, accordingly,
improves the reliability of the system whether used with
TTL logic or MOS chips.

The system can be utilized with memories having
different operating time cycles. If data at the address
signified in ¢-1 is to be transferred between the CPU
and a memory unit external to the CPU, for example,
the data must be available for driving on to the bus
during the subsequent ¢-2 so that the transfer can be
completed therein. If the data is ready, the memory unit
asserts a READY signal at the end of the ¢-2 portion of
the current cycle during which the data has been driven
on to the bus and the data transfer has been completed.
If the data is not available and has not been driven on to
the bus for transfer by the end of the ¢-2 portion of the
current T-period, the READY signal is not asserted and
the bus cycle operation is extended causing the
DATEN signal to remain asserted for one, or more,
T-periods, as necessary, until the data 1s available and
ready for transfer. Logic for generating the READY
SIGNAL, the ADREN signal and the DATEN signal
is shown in FIGS. §, and 6.

Further, if the system component which has control
of the system bus for a data transfer operation does not
intend to relinquish such control, such component must
assert a bus locking signal (B/LLOCK) in order to main-
tain control of the bus until the operation it 1s perform-
ing has been completed. For example, a system compo-
nent may wish to read data, modify the data in some
way, and return the modified data to the component for
use or for storage, an operation sometimes referred to as
a read-modify-write (RMW) operation. Accordingly,
such component can not give up control of the bus until
the data has been modified and returned to the compo-
nent, an operation which may require one, or more,
T-period cycles. In such situation the system compo-
nent which is performing the RMW operation asserts a
B/LOCK signal until the overall RMW operation has
been completed. Such assertion prevents any other unit
from obtaining control of the bus. An exemplary logic
circuit for generating the B/LOCK signal is depicted in
FI1G. 1.

Any unit which is in communication with the system
bus can be made master of the bus whenever a current
bus cycle operation, if any, terminates, control of the
bus being relinquished at the beginning of the next T-
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period, (i.e., so long as a READY signal has been as-
serted by any unit utilizing the current bus cycle and so
long as no B/LOCK signal has been asserted by another
unit). Thus, a unit which desires master bus control
monitors the READY signal and the B/LOCK signal,
requests control of the bus by asserting a bus request
(BREQ) signal and is permitted to gain control of the
bus under the above described conditions of the
READY and B/LOCK signals. Such unit maintains
control until 1t no longer asserts the BREQ signal, so
long as a device having a higher bus priority does not
also request control of the bus at the end of any bus
cycle.

In this way bus control 1s handled by the unit which
desires the control rather than by the CPU. In previous
systems bus control 1s normally handled by the CPU
which must entertain a bus request from an external unit
and subsequently decide whether or not to provide a
“bus grant” signal, or its equivalent. Such a decision-
making process by the CPU requires a relatively long
time due to the propagation delays of the signals re-
quired between the CPU and the various system com-
ponents with which the CPU must communicate in
order to make its decision. In accordance with the pro-
cedure used in the system of the invention, i1.e., where
the unit itself generates a BREQ signal and under the
proper conditions thereupon receives control of the bus,
bus control requests are handled in a much faster man-
ner and bus control can be handed over to the request-
ing unit much sooner.

As mentioned above, each of the different types of
bus operation require the utilization of the MEMCYC
pin which, together with bit ¢ of the bus cycle descrip-
tion word (i.e., an address or 1/0 operation word),
defines the type of operation which is to be performed.
In accordance with the operation chart set forth above,
1/0 operations are defined when the MEMCYC and bit
¢ of the address word are both zero. For such operating
condition the following word format for 1/0 operations
1s placed on the system bus:

MEM
CYC 0 ]

2 43 67
o o s [l o
DCH FUNCTIONS |PORT

The above 1/0 instruction effectively represents a re-
encoded version of the standard NOV A /Eclipse 1/0
instruction format received at the CPU, the re-encoded
instruction being placed on the bus during the cycle
description portion of the current bus cycle. The origi-
nal microNOVA ®/ECLIPSE ® 1/0 instructions are
re-encoded as above in order to facilitate the design of
the interface logic between the CPU and the 1/0 de-
vices.

As can be seen therein, bit ¢ is utilized in conjunction
with the MEMCYC pin to define the 1/O operation. Bit
1 is a non-used bit which has been reserved for possible
future use. Bits 2-4 are utilized to define the system, 1/0

§ 9 10

and data channel (DCH) functions as follows:
BIT 2 BIT 3 BIT 4 FUNCTION
0 0 0 NOP
0 0 ] INTA
0 1 0 MASKO
0 1 1 IORST
1 0 0 DCHA
1 0 ! DCHI

S/C/P} DEVICE CODE

14
-continued
BIT 2 BIT 3 BIT 4 FUNCTION
I ] 0 DCHO
5 | 1 ] Reserved

Bits 5 and 6 define the 1/0 port which is utilized as
follows:

10

BIT 5 BIT 6 PORT
0 0 Status
0 ] A
] 0 B
1 | C
15

Bit 7 defines the direction of the transfer as follows:

BIT ? DIRECTION
20 0 ouUT
I IN

Bits 8 and 9 define the control option which is being
utilized, 1.e., either a start, a clear, or a pulse operation
in accordance with normal ECLIPSE (®) operations as
follows:

25

BIT 8 BIT 9 FUNCTION
30 0 0 NONE
0 i START
l 0 CLEAR
i | PULSE
35 Bits 10-15 define the 6-bit device code which identifies

a particular 1/O device which is to be utilized during

the 1/0 operation. The above operations are as defined,

for example, with previously known ECLIPSE [R) com-

puters and, being known to those in the art, need not be
40 defined in further detail.

15

The use of the above 1/0 instruction format requires
less external logic for handling 1/0 instructions than
was normally required for the handling of 1/0 instruc-
tions using the known previous ECLIPSE (®) instruc-
tion format. The type of operation, 1.e., a memory refer-
ence or a I/0 operation, is appropriately flagged (by the
MEMCYC and bit ¢ states) and, if it is an 1/0O opera-
tion, the 1/O instruction is sent in accordance with the
above format in order to ease the interface operation.

In this connection one particular combination of bats
in an /0 instruction is of some significance since it
extends the capability of the 1/0 operation over that
previously available to ECLIPSE ®) systems. Thus, as
can be seen, the 1/0 ports include not only the normal
A, B and C ports utilized in ECLIPSE ®) systems but
also identifies an additional port capability defined as
the “Status” port, the use of which is described below.

Thus, if the 1/0 instruction identifies a STATUS port
in the port field (bits 5,6 are 0,0) and an IN direction in
the direction field (bit 7 1s 1), such instruction operates
as a request to the identified device (identified by device
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code bits 10-15) to provide information as to its status.
The device then returns data in the following format:

0 | 2 3 15

The device indicates its presence on the system bus by
the state of the poll bit 2, and further indicates its “busy”

or “done” state by bits 0 and 1, respectively. In addition 10
the device has 13 reserved bits for use in providing
further information. .

Such format contrasts with the previous ECLIP-
SE R instruction format which did not permit the in-
clusion of such status information (thereby requiring 15
two extra wires for separately generated “busy” and
“done” flags) and which was not adaptable for “pol-
ling” (i.e., obtaining an indication of the presence of a
device on the system bus) as is helpful in the present
system described herein. 20

Accordingly, the revised 1/0 instruction format,
which is supplied to the system bus and which does not
require the inclusion of accumulator bits (which are
already identified for the CPU by the standard 1/0
instruction received thereat) provides for the further 25
ability to transfer data not provided for by the standard
microNOV A ®/ECLIPSE ®) 1/0 instruction format.

SYSTEM 1I/0 INTERFACE UNIT

As can be seen in FIG. 1, the system CPU is arranged 30
to be capable of communicating with I/0 devices on a
plurality of different buses. For example, the CPU may
communicate with 1/0 devices directly on the system
bus 11, with 1/0 devices on bus 15A designated in a
particular embodiment, for example, as the ECLIP- 35
SE ®) 1/0 bus for ECLIPSE ®) 1/0 devices, or on bus
15B designated in a particular embodiment, for exam-
ple, as the MicroNOVA ® bus for microNOVA ®
devices. In accordance with the system described
herein, data can be transferred directly to and from the 40
system I/0 devices via the system bus 11, as described
in more detail below, while data for ECLIPSE ® I/0
devices are transferred to and from such devices via
ECLIPSE ®) bus 15A through a separate ECLIPSE ®)
1/0 interface unit 45, the transfer thereof being con- 45
trolled by control signals from the system 1/0 interface
unit 14. Further, data for the microNOVA ®) 1/0 de-
vices are transferred to and from such devices on the
microNOV A ®) bus 15B through the system 1/0O inter-
face unit. 50

A more detailed block diagram of the system 1/0
interface unit 14 is shown in FIGS. 8 and 8A. A further,
even more detailed, block diagram of the mi-
croNOV A (®) bus control logic for address/data trans-
fers and for microNOVA ®) polling operation (as dis- 55
cussed in more detail below) is shown in FIG. 8B. As
can be seen therein, the system 1/0 interface unit com-
prises a plurality of local, or internal, devices and vari-
ous control logic circuits, shown as block 50, the de-
vices being of the type which are already known and 60
used with respect to previously available systems. For
example, the internal devices of the system 1/0 inter-
face unit 14 may include devices of the type utilized in
the Data General Corporation ECLIPSE ® computer
systems, as shown and discussed with reference to the 65
following publications:

ECLIPSE ® M/600 Principles of Operation No.
014-000092
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ECLIPSE ® S/250 Programmer’s Reference Man-
val No. 014-000611

Interface Designer’s Reference NOVA®) and
ECLIPSE ®) Line Computers No. 015-000031

microNOVA ® Integrated Circuits Data Manual
No. 014-000074

The above publications are representative of publica-
tions available from Data General Corporation, West-
boro, Mass. concerning NOVA ®, ECLIPSE ®), and
microNOV A (R) system made and sold by Data General
Corporation. Such publications contain information
useful as background information in understanding not
only the aforementioned internal devices but also van-
ous other aspects of the system being described herein.

Thus, such devices may include a “programmable
interval timer” (PIT) unit which provides a program-
mable timing signal which produces clock signals at a
counter clock rate at one of four selectable frequencies,
for example. In a particular embodiment, for example,
the programmable interval timer can be arranged to
produce counter clock intervals at 1 MHz, 100 KHz, 10
KHz or 1 KHz from a constant input clock signal of 1
MHz through well-known frequency divider tech-
niques. In the system 1/0 unit, such timer responds to a
pseudo-constant 1 MHz signal which i1s derived from a
frequency synthesizer unit 51, as discussed 1n more
detail below. |

The local devices may also include, for example, a
“real time clock” (RTC) unit which generates timing
pulses that are independent of the system clock rate.
The real time clock can interrupt at any one of four
selectable frequencies, for example, at the AC line fre-
quency, or at 10 Hz, 100 Hz or 1000 Hz the latter three
clocks all derived from the pseudo-constant 1 MHz
signal through well-known frequency divider tech-
niques.

The internal devices may also include a power moni-
tor unit which detects any transition of a power monitor
pulse which indicates that AC power has failed or that
AC power has returned after a momentary power fail-
ure, or that a start up power condition exists.

The system 1/0 interface unit also includes appropri-
ate input and output interface logic via which serial data
can be asynchronously supplied (as from a teletype unit,
for example), such inputs and outputs being supplied via
TTI pin 55 and TTO pin 56, respectively, and from
input and output registers 57 and 58, respectively, in a
controlled manner in accordance with standard practice
utilizing suitable finite state machine (FSM) and control
logic 59 and 60. As in prior art devices utilizing asyn-
chronous, serial data terminal inputs and outputs, the
terminal unit may operate at selectable baud rates, the
available baud rates being selected from a large number
of such rates ranging in a particular case from 50 baud
to 38400 baud, for example. For such purpose in this
system the baud rate signals are derived from a pseudo-
constant 614,400 Hz master baud rate signal, also ob-
tained from the frequency synthesizer unit 51. The se-
lected baud rates can be obtained therefrom through
suitable baud rate selection logic in accordance with
well-known techniques of prior art systems which uti-
lize such asynchronous, serial data input and output
operation.

The internal units and the terminal logic discussed
above do not form a part of the inventive aspects of the
system [/0 interface unit 14 and need not be described
in further detail.
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For convenience, an appropriate random access
memory (RAM) storage unit 61 may also be present on
the system 1/0 interface unit for providing temporary
storage space which may be used, for example, when
performing console operations. Such storage unit is of a
well-known RAM type which can be formed to provide
storage space of an appropriate size for the desired
console use. For example, a particular embodiment may
be capable of storing a selected number of 16-bit words
for such purpose. As such, the RAM unit 61 does not
form a part of the inventive aspects of the system I/0
interface unit 14 and need not be discussed in more
detail. Further a non-maskable interrupt (NMI) register
62 for use as described in the aforesaid ECLIPSE ®
and microNOV A ®) documents may also be part of the
system 1/0 interface unit 14 but does not form a part of
the inventive aspects thereof and need not be described
in further detail.

Addresses and data are supplied to and from the sys-
tem bus 11 at the system I/0 interface unit 14 in the
form of 16-bit words (MB ¢-15) supplied at the physical
address/data (PADS) pins 63. Suitable driver and multi-
plexer circuits 64 are utilized for such purpose, the
address and data words which are being transferred to
or from the system bus being supplied to internal U bus
65 for use in the system I/O interface unit 14 either
directly via an internal bus 66 or indirectly via tempo-
rary address/data register 67 which may be used for
temporary storage thereof before such addresses and
data are supplied to the system 1/0 interface unit or to
the system bus depending on the direction of transfer
thereof.

The 1/0 buses which must be used to transfer ad-
dresses and data between the CPU and the 1/0 devices
with which the CPU may desire communication differ
depending on which type of 1/0 devices are involved
(e.g., ECLIPSE® devices which communicate via
ECLIPSE ®) bus 15A, microNOVA ® devices which
communicate via microNOV A ®) bus 15B and all other
devices which communicate via system bus 11). The
system 1/0 interface unit 14 must decide which 1/0
device is involved and, hence, which 1/0 bus is to be
used for the transfer of such data so that the interface
unit control can control such transfer to and from the
CPU. In accordance with the system of the invention
disclosed in FIGS. 8 and 8A, and the more detailed
block diagram of FIG. 8B, the system 1/0 interface unit
14 contrins logic circuitry for identifying all of the de-
vices which are on a selected one of the two buses
which it controls, namely, buses 15A or 15B. Such
identification can be achieved by appropnately “pol-
ling” the selected one of such buses and storing suitable
information as to which devices are on the selected bus.

In accordance with a specific embodiment of the
invention which utilizes either a microNOVA ® 1/0
bus 15B or an ECLIPSE ® I/0 bus 15A, the system
I/0 interface unit is arranged to “poll” the mi-
croNOVA ® I/0 bus 15B to determine which devices
are on such bus. A suitable microNOVA ® poll
counter 62 supplies each of the expected device code
words which identify the various devices which are
likely to be used with the system, which device code
words, for example, are 6-bit device codes supplied to
the microNOV A ®) 1/0 bus 15B via “low-byte” (a byte
1s 8 bits) shift register 69 from poll counter 68 to the
output microNOV A ®) bus pin 70 identified as IOD2 in
FIG. 8A. The 6-bit device codes are supplied in parallel
to shift register (S/R) 69 during the polling process and
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are in turn supplied serially to the microNOVA ® bus
from shift register 69.

When microNOV A ®) 1/0 devices, which communi-
cate with the CPU on the microNOVA ®) bus 15B, are
interrogated with a device code signal for identification
thereof, such devices supply a return identifiable 1/0
clock (IOCLK) signal at pin 71 to microNOVA ®)
finite state machine and control logic 72 if a device
matching a particular device code is present on the
microNOV A ®) bus. Such operation is in contrast with
devices on the ECLIPSE ®) bus 15A for which no such
identifiable I/0 clock signal would be present if such
devices were interrogated with the device codes. Be-
cause of such contrasting operations microNOVA ®)
devices can be “polled” to determine their presence on
microNOV A ® bus 15B and a record of their presence
kept in the system I/0 interface unit 14.

Thus, receipt of an IOCLK signal at pin 71 from a
particular 1/0O device on the microNOVA ® bus is
supplied to control logic in the microNOVA ® finite
state machine and control logic unit 72. Such logic
generates a microNOVA ® exist signal (sometimes
referred to as uNEXST) for supply to a mi-
croNOVA ®) poll register 73 to indicate that an 1/0
device having such device code is present on the mi-
croNOVA R) bus.

The microNOV A ®) poll store register 73, for exam-
ple, is a 64-bit register, each bit corresponding to a
particular device code (in a particular embodiment
there being up to 64 possible microNOVA ®) devices
which can be present on the microNOVA ®) bus). If a
6-bit device code representing a specified device which
has been interrogated is provided at the input thereto
from microNOV A ® poll counter 68, the particular bit
associated therewith will be placed in a state which
indicates the presence or absence of such device on the
microNOVA ® bus, depending on whether a
wNEXST signal is so generated. Accordingly, when all
of the device codes have been polled, the mi-
croNOV A ®) poll register 73 contains information as to
the presence of all devices which are on the mi-
croNOVA ®) 1/0 bus 15B.

Polling of the microNOV A ®) bus is first performed
at “start-up”, the complete set of 64 possible devices in
a particular embodiment, for example, being polled
during one overall polling time interval before the over-
all system is put into operation. If, for example, the
polling of each device takes 10 microseconds, or less,
the complete poll can be accomplished in 600-700 mi-
croseconds. Once the system is in operation, updating of
the poll store can be accomplished as devices previ-
ously indicated as not being present are turned on and
devices previously indicated as present are turned off.
Such updated polling can be accomplished at a 100 Hz
rate, a single device being polled each 0.01 seconds (a
completed update polling of all devices occurs every
0.6-0.7 seconds, for example).

In some cases a device will be turned on and could,
therefore, be present on the microNOVA @®) bus but the
poll store may not indicate its presence (the updating
for such device may not yet have occurred since the
device came on line after the last update poll. If, under
such condition, the device requests an interrupt opera-
tion, the interrupt request itself indicates the presence of
the device and the microNOV A ®) poll register is auto-
matically updated by appropriate gating in the mi-
croNOV A ®) finite state machine logic which provides
a uNEXST signal to the poll register.
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All devices which are not identified as being on the
microNOV A ® I/0 bus, but which are in communica-
tion with the system, will by the process of elimination
be either on the ECLIPSE (R) 1/0 bus 15A or on the
system bus 11. As will be noted, a jumper register 74 is 5
arranged so that an ECLIPSE ® ENABLE and/or a
microNOVA ® ENABLE is provided. The presence
or absence thereof is controlled by the presence or
absence of a suitable “jumper” connection being re-
flected by the state of the “jumper” register 72. The
following chart summarizes the conditions for identify-
ing the devices involved:

10

MicroNOVA® ECLIPSE® Micro-

ENABLE ENABLE System ECLIPSE® NOVA® 1°
0 4 Yes No No
0 1 E E No
i 4, Yes No Yes
| 1 E E Yes

20

In the first condition where neither jumper connec-
tion is enabled the only devices identifiable are *‘sys-
tem” devices. Where the ECLIPSE ® jumper is en-
abled but the microNOV A ®) jumper is not, the system
generates the ECLIPSE ® timing signals (signified as
“E”) by the interface unit 14 does not determine
whether the devices are ECLIPSE ®) or system de-
vices. Where the microNOV A (R) jumper is enabled but
the ECLIPSE ® jumper is not, both microNOVA ®
and system devices are identifiable. Where both jump-
ers are enabled, microNOV A (®) devices can be identi-
fied but the system interface unit does not determine
whether the devices are ECLIPSE ®) or system devices
(the ECLIPSE ® timing signals are generated). Ac-
cordingly, the polling technique permits the system 1/0
interface unit 14 to determine whether a particular I/0
device must be communicated with either on the mi-
croNOV A ®) 1/0 bus or on one of the other buses. If a
microNOVA ® device is present on the mi-
croNOV A [R) bus, its presence is indicated by the mi-
croNOV A ®) poll store unit 73 which provides a mi-
croNOV A ®) sensor signal, uNSNSR, to modify the
operation of a master control finite state machine 75 so
that its next state of operation provides the necessary
control signals to control the operation of the mi-
croNOVA ® finite state machine 73 for mi-
croNOV A [®) operation.

Control signals are shown in FIG. 8B for performing
the polling process. The low byte shift register 69 is
loaded with the device code at the assertion of LOAD
POLL COUNTER by the microNOVA ® FSM 72,
the poll count beginning at a poll count signal PLWC
which increments the poll counter. The high byte shift
register is loaded with a suitable instruction which can
be selected to produce the least effect on the system
(e.g., an IOSKP instruction in which data in all registers
remain unchanged, etc.) at the assertion of a LOAD
INST signal. If a return IOCLK is received a pin 71 a
uNEXST signal is asserted by the microNOVA ®)
FSM 72 which signal, together with the device code
applied to the address latch of the poll store 13, pro-
vides the indication of the presence of the particular
device involved. When the complete poll count is com-
pleted for start-up, for example, a POLDNE signal 1s
asserted by poll counter 68 for supply to the mi-
croNOVA ® FSM 73.

The PLWR signal is used on “interrupts” by a device
when the CPU acknowledges the interrupt request by
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such device by asserting an interrupt acknowledge sig-
nal. At the assertion of a suitable interrupt acknowledge
signal] the device itself updates the poll store, via the
supplying of its device code and the supplying of the
PLWR signal by the master control PSM to the poll
store.

For a poll store read operation, when an ADREN
signal occurs, the poll store is accessed by the device
code if an 1/0 instruction is present. The poll store then
provides a uUNSNSR signal to the master control FSM
if such device is present.

A poll update request signal (WPUR) is supplied from
the master control FSM 75 at the 100 Hz rate as deter-
mined by the 100 Hz input counter signal.

The required microNOVA @®) instruction register
and decode logic 76 and the microNOV A ®) high byte
register 77 for supplying the high byte data at mi-
croNOVA ® bus pin 78 (IOD1) are also shown in
FIGS. 8A and 8B, as well as D-register 79 for shifting
data to and from the U bus 65 and the microNOV A
shifters 69 and 77, in accordance with standard mi-
croNOVA (R) operation already well known to the art.
Specific logic for the microNOV A ® FSM and control
logic unit 72 and the master control FSM and control
logic unit 75 are shown in FIGS. 9 and 10, respectively.
The poll counter 68 and shift registers 69 and 77 are
shown in FIG. 11, while the poll store register 73 is
shown in FIG. 12.

The system 1/0 interface unit 14 is designed so as to
be capable of operation at more than one input system
clock frequency and is, therefore, adaptable for use with
a system wherein the system clock is not expected to
remain at a single fixed frequency for all operations.
The frequency synthesizer unit 51 is provided so as to
be responsive to one of a plurality of different selected
input frequencies to produce the desired internal clock
frequency required for operation of the internal devices
of the interface unit and the desired master baud rate
signal for operation of the asynchronous terminal sys-
tem. In a particular embodiment, for example, the inter-
nal clock signal must have a substantially constant fre-
quency of 1 MHz so as to provide for correct operation
of the internal, or local, devices (such as the PIT and
RTC devices mentioned above) and a substantially con-
stant selected baud rate derived from the substantially
constant master baud rate signal for the asynchronous
terminal input/output logic.

A unique design for such frequency synthesis 1s dis-
closed in FIG. 13 wherein a more detailed block dia-
gram thereof is depicted for generating the 1 MHz sig-
nal, for example. In a particular embodiment thereof,
the clock rate of the selected input clock signal to the
frequency synthesizer unit 51 may be one of eight differ-
ent clock signals having clock periods which vary from
300 nanoseconds (nS) to 600 nanoseconds (see chart of
FIG. 14). For example, in a particular embodiment
eight different signals having clock periods, T, of 300
nS, 325 nS, 350 nS, 375 nS, 400 nS§, 450 nS, 500 nS and
600 nS are utilized. The input frequency is identified by
a 3-bit input signal (shown as U-bus bits U 9,10,11)
which is supplied to clock rate latch and decode ROM
80, which identifies which of the eight clock rates must
be latched for supply to the frequency synthesizer. The
selected clock rate so latched is supplied to a high-count
position and parsing ROM 81, to a denominator select
ROM 82, and a high-low integer select ROM 83. The
functions thereof can be understood better with the help
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of an example explained with reference to the chart of
FIG. 14.

Such chart depicts an example of the above fre-
quency synthesizer technique for generating a pseudo-
constant 1.0 MHz output clock for each of eight differ-
ent input clock signals. As can be seen therein, except
for the 500 nS clock signal, the clock periods for each of
the eight frequencies involved are uneven multiples of
the clock period for the desired 1.0 MHz signal. For
example, an input clock signal having a 350 nS clock
period completes 2 6/7 periods in the total 1000 nS
clock period of a 1.0 MHz signal. Thus, for every 2 6/7
clock pulses of the 350 nS input clock signal, one clock
pulse must be produced for the 1.0 MHz output clock
signal, 1.e., for any 20 input clock pulses, 7 output clock
pulses are produced.

The chart of F1G. 14 depicts the parsing algorithm
associated with each of the input clock signals. As can
be seen therein, groups of input clock pulses are pro-
duced over repeatable or recycle time intervals the
number of pulses in each group being selected as one of
two numbers. Thus, for an input clock signal having a
350 nS period, seven groups of input pulses are utilized
having either 3 pulses (high count) or 2 pulses (low
count). The position of the high count groups is de-
picted by the “high-count position” column in accor-
dance with the lettered column of the algorithm. Thus,
the high count (3-pulse) groups are at the A and B
positions of the seven group cycle (the low count group
being at position C) so that the seven groups are as
follows:

3332333

It should be noted that the uneven count (i.e., 2 6/7)
identifies the algorithm to be used. Thus for the 350 nS
input clock, the low/high counts vary between “2” (the
whole number) and “3” (the next highest integer). The
numerator of the fraction identifies the number of high-
count position groups (i.e., “6” high count position
groups), and the denominator identifies the total num-
ber of position groups (*7” position groups), sometimes
referred to as the recycle time period. As another exam-
ple the 300 nS clock signal requires a count of 3 3/9 and
utilizes low/high counts of “3’ and “4”, a recycle time
period (the denominator of the fraction) of “9” (i.e., 9
groups), three of which groups (the numerator of the
fraction) are “high count” groups. The 3 high-count
groups are placed in positions B and C. The other algo-
rithms can be similarly described. In FIG. 13 the de-
nominator select ROM 82 selects the appropriate de-
nominator, or recycle time period, depending on which
input clock RATE has been latched, the selected de-
nominator (i.e., “7" for the 350 nS input clock) being
identified by a 4-bit output of ROM 82. The ROM 81
identifies which of the eight parsing algorithms shown
in the chart of FIG. 14 1s to be used. In the example
being discussed the parsing algorithm A.B representing
seven groups of 350 nS pulses having 3 3 3 2 3 3 3 pulses
in each group is selected.

It should be noted that in each parsing algorithm one
of two numbers of pulses is used in each group. Thus,
for the 350 nS algorithm either 3 pulses (the high count)
or 2 pulses (the low count) are used, in the 300 nS algo-
rithm either 4 pulses (the high count) or 3 pulses (the
low count) are used. The parsing ROM 81 effectively
determines for each denominator count from denomina-
tor counter 84 which of the pulse counts (high or low)
1s to be used. Thus, for the 350 nS clock the parsing
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ROM 81 determines that the high count (3) is selected
for the first three and the last three of the seven denomi-
nator counts and that the low count (2) is selected for
the middle denominator count in the overall recycle
counter period.

The high or low integer is then selected by high-low
integer select ROM 83 to identify which of the counts
on integer counter 85 must count so in order to supply
one output pulse therefrom for each of the seven groups
(1.e., whether the group contains 3 350 nS pulse counts
or 2 350 nS pulse counts) so that for every 7 groups
(making up 20 350 nS pulses in total) seven output
pulses are supplied. Accordingly, as seen in the timing
diagram of FIG. 1§, the output of integer counter 85 is
a 1 MHz clock signal, i.e., every 7000 nS (20X 350 nS)
the output counter 85 produces 7 pulses which is, of
course, equivalent to one pulse every 1000 nS. A similar
analysis 1s shown in FIG. 18 for the 450 nS input clock
and can be made for each of the eight input clocks and
associated parsing algorithms shown in the chart of
FIG. 11.

As can be seen in FIG. 15 for the 350 nS input clock,
while the pulse spacing of the output signal is not uni-
form, the number of pulses over each seven microsec-
onds (1.e., 7000 nanoseconds) recycle time period is the
same. Thus, while a timing error may occur during each
recycle time period the error reduces to zero at the end
thereof. For the 350 nS clock signal the maximum error
which occurs during the recycle period is =150 n§, as
shown in FIG. 15, and the error at the end of the recy-
cle period is zero. For the 450 nS input signal the maxi-
mum error i 300 nS and at the end of the recycle time
period of 9000 nS, the error is zero. The maximum error
for all of the input signals are shown in the chart of
FIG. 14. Such errors are of little significance over the
time pertods required for operation of the internal units
which utilize the | MHz signal so that, for all practical
purposes, the 1| MHz signal has an essentially constant
frequency. It should be noted that in no case is the
maximum error greater than the time period of the input
clock signal involved.

The above frequency synthesis unit produces an ex-
tremely adaptable system I/0 interface unit 14 which
can supply the desired master clock signal for the local
or internal devices and the desired master baud rate
signal for asynchronous terminal operation even when
the system input clock signal has one of a plurality of
different selectable frequencies. As mentioned above,
the overall frequency synthesizer circuitry includes
substantially two versions of the general unit shown in
FIG. 13, one for the 1.0 MHz output signal and one for
the master baud rate output. A baud rate selection cir-
cuit can be utilized to provide one of a plurality of 16
different baud rates from the master baud rate by suit-
able baud selection circuitry which provides integer
multiples of the master baud rate as desired. The cir-
cuitry for dividing the master baud rate to obtain each
of 16 different baud rates is well known to those in the
art. Moreover, the 1.0 MHz clock rate can also be ap-
propriately divided down to produce clock rates which
are integer submultiples of the 1.0 MHz master clock
rate for various internal devices as required. Lists of the
exemplary baud rates which can be derived from a
master baud rate of 614,400 Hz and exemplary local
counter output signals (decode counter clocks) which
can be derived from a master 1.0 MHz clock signal are
provided below.



4,371,925

23 24
m While's.pec.iﬁc implexpentations of the two-level mi-
™) cro-modification technique, the system bus protocol

22 }n%hégi techniques, the 1/0 bus polling techniques, and the
110 10 KHz frequency synthesizing technique are disclosed above
134.5 1.0 KHz > for the particular embodiment of the invention, the
150 invention is not limited thereto. Modifications thereof
i% within the spirit and scope of the invention will occur to
600 those in the art. Hence, the invention is not to be con-
1200 strued as limited to the particular embodiments de-
;ﬁ 10" scribed except as defined by the appended claims.
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APPENDIX A

HORIZONTAL MICROINSTRUCTION SET
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HI---h----------------u-i---------------------------------
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verticel modifier 1
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1 G+
) GL
IIRESﬁ 3 £ <8=1%>, sian extendeu if 1RE<H6=7> . NE, O
"IRD . | 1RV
- ACER . ACSR
BIT 2 ax (15 = GR<le=15>)
BONE. " 377 (byte of 1s right Justitjed)

ZEKO 0
‘tﬁ { L ';

NOTES on the use of AbLUS micro=-oraers

(1) Any microinstruction wnich uses ull must be preceeded by at

ljeast one microinstruction which does not modify GR
(it takes one | period for t11 to settie once GR I8 written)

(2) ACSR {8 loaved with lHUC]I=¢> when [tL 13 loaded with IRD,
ACSR s loaden with CBUS<l=¢> when IRt is loaded witn CBUS

- BBUS field (4 Dits wioe, 16 encoocinps)

v¢e vartical ronyfiepr ¢
ol Ll
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GO L
GH L2 ¥
GL GL
PCE . FLE
PCD FC L
LIT v1iivZ right justifieog
JKE]O stanadarad ]J/U instruction fornat baseo on IRE
LSee Notes)
ARy v (FCLy ACcs AL5) 11 IRLE<I=¢> = 0 (1, 2, 3)
Xhed U (Pix, &C¢, RC4) if Int<o=l> = O (1, 2., 3),

x = FCE ¢ EFrA, x = FLu if XLPA
AN o - ) |

NOTES on the use of BBUS nicro=orders

Ll R B A BB N RN N N N N Y NN N R NEN YN LYY X RENN YN NNY R NENYREIENY RF YN Y NRKX N X N N X K XN K N N ;

(31) IREIO 18 used to triccer the actual 170 to devices CPU and
MAP which ere partially inmplerenteoc on the CPU chip (R10 and W10)
normally tetgoer the 1/0). Caution should be exercised when
coding LlKE]O to execute curino a veELUDE CYCLE

(2) IRLIO woro formot is 83 ftollows:

IREIU<O> = 0, IREJUC)> is reserven
IREIVC]U=]13> {8 the gevica corie

System Function | fFunction | virection | Control
IRElU<Z~4> P INLIU<S-0ur | LREJUC> | IRELOCE~9>
000 hNQO=(¥ I vO S1aluy | U UUT » | 00 NQ=UP
001 INITA b 01l A4 KcG i 1 IN } 01 STARI
010 M3KL 1 10 1 KLG i i} 10 CLEAR
011 JOUwST I 11 L KEG l i 11 PJLSE
10v DOnA | ( f

1v] JCn] ) i !

110 vCerC l ! f

111 spare l l l

LCHA, LChi, and DCHO are not generated by the CPU chip but are
Used by the System I/0 Interface unit

"LM‘_‘I“*'MH wige, 16 encooings)

-‘31t%§-'?‘¥ilj-l---------h----------;--------n-n--------n------

Yl -$*?‘;?;€3 vertical modifier 1|

¢om . A’
:NEG -2 i -A

"D' o I pass A

JNC | At

ADC . B-A-|

'SUB : g-A

ADD | At

AND a ArD

éolﬁﬁn: d Arbel

oy . L

YA B

NUL - 4 unsigned multiply iteration step
MULS ’ signed multiply iteration step
DIV unsigned divide iteration step

NOTES on the use of ALU micro=croers

------------------‘---------------------------------------------

(1) A end B reter to the conterts of ApLS and BHUS respectively

(2) ALC nardgort can directly control ALu; ALU fielo mnemonics
are consistent with ALC instructions
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SHF field (4 bits wide, 16 encodings)

---“--------------------------.-----ﬁ--h--ﬂ-----h----_---------I

Ve | vertical moditier ¢

PASS pPass

PASSO oass, XBUS<0> = (

PASSC pass, XBuS<V> = CARKY

SHL shift left, pull x into LSb (see note)

LSHR logyical shitt right, pull x into MSB (see note)
ASHR arithmetic shift righty do not change {ign bit
SHLC ' shift left, pull CARKY into LSB -
SHRC shift righte, pull CARIY into MSB

ShAP | swap bytes

ROL 16 bit rotate left

ROR lo DIt rotate right

ROLC 17 bit rotate left, CAKRY participates

RORC 17 bpit rotate cight, CAREY participotes

NOTES on the use ot SHF micro-oruers

- e Pede e ------—---..--------------------------------------

(1) For SHL anu LSHR: x = (G unless ALU tireld i8 used to invoke
multyply or urviue

. . _'!‘
DEST+field: {4 pits wice, 16 encodings)

--'ﬂhmﬂp.'-’.----------.-----'------—-----------ﬂ------“--‘-n-------u
e -

T
vt 4
1

i N1 fﬁu | vertical moditier 1}

. 'F SRR vertical modifier 2
61 7 b

; S0 ﬁfﬁ GL

i ' ; S GK

' GL - GL

. PCF TS

' IRE N 1RE
'NOLD - o no load

t

NOTES on the use of DEST gicro-oraers

G AR A i G SRR e S-S G i S S W I S R A Pl e - G S G W S - e S g S S s e i e ey el Al -

(1) For IREs ALSK is slso loadeu with (BUS<i=2> unless CbBUS is
| sourced by MoUS

ADR fjg!? (3 bits wide, 8 encocings) .

:
| L
-h

ve ; vertical wmodgifier ¢
NONE no address
-] 49 (stack pointer)
FP o 4} (frame pointer)
k19 | 42 (stack limit)
GI o P
6D o GD

NOTES on, the use of ADk micro-oraers

-------‘“----- X N FEFERNYTE LI FEE N RN NN A R A _B B B N A B A b b B K AL & & YTy F ¥y N §E N E R N R N &

(1) Memory address source arives MhcUS ouring PHASE | only

lEJ‘MBDS¢0> s forced to 0 unless KHYP/nHYP i& {ssued or
‘R}CL/aLCL is 1esueo or HYPFUD (nyperspace moce flag) = 1
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HFMhldf\te bits wiage, # encodings) i

1'---- '------------ﬁ---'----‘ﬂﬁuppn-------------ﬂ---------ﬁJ

Emﬂ
y*;iig_ T vertical moditier 2
QP no operastion
reac memory
write memory

-
_
R e )

NOTES on the use of MEM micro~orders

X X R N R B B B B L N N R B N B N I N N N '-‘-----------_-"----'--------------------

(1) Read operations cause LHUS to be sourced by MBUS (MBB)
during PHHALGE 2 (resd dasta)

(2) write operations cause MBS to be scurced oy ABUS (MBP)
durina PHASE 2 (write aate)

(3) CbUS i8 sourcey vy 2BUS whenever a» reaa operation is not
tebhing place (riQ)

N . -.ql—; v ‘*": :11- 4".‘!.!1 Iy . .
'TEST fhid u Ftb wicde, 16 engodings) t m
-hh-.

---ﬁ-'.t---------h--lttn---I-'ii----------l-ﬂ---'----

fj

ve vertical modiffer 2
NUP - SH]P = SKIF | e AN e
sel SKIP = | ; g, ke
CLEAR SKIP = 0 | ¥ SR
GtuZ SKIP 3 1 it Gl increments to zero lGI‘ﬂC or

. GQIAINC) or GV gecrements to rero (GO CC or’

SKIP 2 1 {¢ P] is pendinna ¢lse SKIP = 0

;él  "GDADEC), else SKIP = 0
1t
SR ilP 2 1 it ACSR = IRE€3=8>, else SKIP:® 0

urh

IP 2 0 it carry “out of ALU<U> 2§, c!oo g
SKIP = |

scnra i * 0 it sfgned cerry out of ALU<O> = 1, AL
ﬂ P =z | llec note) a
VCRY §E it gecimal overflow or ocecimel borrow
| ‘ curl. else SKi¥ = ¢ (seo note) (3K
srFoutT tSKIP B | it S8HLFTLK rotates”ur shifts out @ 1, |
| “ else SKIP 20 o
{ XYY . SKIP =2 } {f XOU3<0~1S> = 0, else SKIP = 0 |
AML G SRIP =2 1 i1 XBUS<0> 2 1, else . 5nlP £ O
ILSKP - SKIP = 1 it tne 170 SKIP conoition being tolttd.,
-1'. true, G‘lﬁ SipP = 0 ;
N )P SKIP 2 1 if NM] is pencina, else SKIP 3 0 *
Uve Ly SKIP = | it corry ocut ot ALU<y> and carry into .
ALUZSU>» o not match, else SKIP =2 0 |
hNIES on the use of TEST micro=orcders '-,?

badeadb i R 2 R R B X RN I W R RE R R R Y g e agp ggpeaagpareapearepegw gy g Y X L L

‘
-
]

(1) ACSR fs loaded with IRL<I=2> when IRE is losdea with IRD. .
ALSH is losded with (buS<l=¢d> when IKE is loaded with CBUI

&
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(2) SCRYB = (ALU <¢> ,XOR, OVFLO)

(3) OCRY = ( cerry out of ALU<}Z>» ,.XOR. SUb ) .OR, . AT
{ (ALU<12-15> > 9.] LJAND, ALD ) ERe)

]

(d4) UCRYY may be used tor unsigned integer comparisons and SCRV.~3
may be used for signed integer Comrparisons

(5) The increment/gecrerent happers first 1t 4LCSi 19 ;:ﬁﬁ
incremented/decrementead and ALSRU 18 13sueo. Likewise fqrfﬁf
the increment/gecrement using LER/Z R

. _'i ‘}
b

-l"t.'"r

(6) For JOSAF, tne truth of the 1/U skip conciticn ¥8 Q.termio.df
by the contents ©of the ApUS (L1S word) ang lnk<h=9),
LIS woro format 19 as follows:

LIS<0>» = DUNE (POKEKR FALL if LIS 717 |
DiS<}> = 8USY (Iun it DIS 77) y .

- D1S<e=-14> are reserved , ' R ;

- D1S<15> = NM] causea by HALT {f LIS 7/ else rek;Qg.d b

OISR S A L | .
ﬂfpﬂ_ﬁuﬂtld tﬂ bits wide, 16 encoqgings)
Rk dd L XL L LI R Y g Y T Y L Y T T I N T T NN Y Y Y NSrrumam—— 2 X X R XX 3 F R YT R N YT Y YT N
. verticel modifier 1
- no operstion
- ] (indirect enable) = [RE<S>
| , } (indirect ensble) = ABUS<O>
increment G : -
decrement (D
in¢rement Gl anc ACSK
gecrement LD and ACSR
CARRY =2 ]
CARKY = { | -
shift GL left, pull x fnto LSB (see. note)
T shift GR right, pul) x into MSb (ege pote)
t+ decrement GD, shift GL left and pul)' x into LS8
. (eee note) -
{ <ecrement GO, shift GR right end py)] x into MSB
| {see note) T
HYPMUD (hyperspace moae fleaa) = |

NOTES on the use of rat,0' micro~orders

---------'-'---'"----------------------------ﬁ-----------------

(1) For LLLs GrKH, ulLLLU, ang LKhGLY: if multiply or divide is
not invoked using the ALU fielo, then x eauals the bit
rotateoc oF sniftel out of the SHIFTLN (x 2 0 if SHIFTER is
not rotatfing or sh1fting)e else MULZL]V logic determines x
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APPENDIX B

VERTICAL MICROINSTRUCTION SET

- ADRH ftielo (&6 Dits wine, 64 encouinas)

tach encoding selects one of o4 noriZontal micrainstructions in
the HPLA, 1he selected horit2ontal is executed, ]t the executed
norizontal sets i (inairect enable) [a norizontal which sets |
1 colied an ‘indirect inftistor’), then tield v2 is saved in
the 4 pit wide instruction claes register (ICR) and used to
control indirect adaress chains and the mar, The ICR s

interpreted as follownt

ICR<(O> (1000) Jumpe=type instruction, ¥(F is loaded
whenever LI 15 loanteo
ICR<]> {UlU0) reserven

1CR<2<-3> (V0uvl) MAP jfnagirect cycle turn-on
(O0l1) AP sincle cycle turn=on and/or {ndirect
cyCcle turn=or

Ine ICKR i8 clearet Dy every ubtLuOE CYLLt whose vertical does not

s—ecify 8 ncrizontal that 18 an Iindirect initiator

v 1 field'/ AbUs nogitication (4 bhits winve, JU enccuiIngs)

- LCy aCuy

“a(} wi ] ’
LCy Wi e

L4C 3 als

ACS ACx,y, 2 = A(LSK

aCD Alx, ¥ = |lkt<i=d>

ol ss=g horfjzontal

L see horizontal

Lk see hori1zontal

bl see rorizontal

IRESA see horizontal

1D see horjzontal

ACSR see horjzontal

511 see herjzontal

DUt see horizontal

Ik rnd s2¢ horjzcntal

WOTES On the use ot ARUS mor1frers

(1) ALSK 1s loazey with (HWL<)=¢> wnan e 1S [oaded witn [rii,

ACSR 18 loaened with Loud<i=I> wnen [KE 18 I0aene3 witn LnUS

ve tirela 7/ BBUS moagificetion (4 bits wide, 16 encodings)

TRV aCy
AC Y wCl
AC? LC¢
AC Y “C 4
ALY LTxy, x s A[LSK
AL D ACxy x = Inb<y=4>
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s$ee¢

sSee

Ses
see
>oee
see
See¢
seéee
see

hortzontal
horizontal
herizontal
horizontal
horizontal
horizontal
horjzontal
norizontasl
norizontel

4,371,925

NLUIES on the use ot brUS mooitirers

TR YT Y R F R R E R  E  F E R R YN Y RN R X N NN W N ONE N S MR R R R R B

(1) ACSHR {9 loaoceqa with [HUC])=Z> wvhen JIL
loagea witlth LUSCl=¢> when | <t

ACSR {8

36

is loaded with 1KV,

is |Inaded with (BUS

vl fiel3 7 &LU rmoitification (4 DytS widaes 1b encodgings)

C UM
NE G
MUY
1L
AbC

24D
) XY
AinD
Ayl
ANy

see
sae
S5ae
S8
seeg
see
see
Eme
see
see

horizontal
horizontal
harizontal
hortzontal
hnorizontal
norizontal
norizontal
horizontal
horjfzontal
horizontal

i =y peEeaeanleeepey - Wy g - ph o A -

v2 field 7/ SHF rmoditication 14 Lits wige, 16 encooings)

el B iR B B R B A L L B AR R R N R R R N N N N R N BN NN YN YT EY Y KT YIRS

PASS
PLESD
PASSC
StiL
LoMN
ASHR
Y2180
SHEC
Shﬁp
KOL
kK
NOULC
KORC

vl ang ve2 trelus ¢+ O

AC U
aCl
ALc
hC 5

sPe
Ssee
see
see
5<°€
See
se&¢
see
seea
see
See
see
Se2

nerizanta
rorrzontal
rorizontal
nori12ontal
horizontal
norizontel
horizontel
hor1zontaetl
hor{gontal
norizontal
rorizontal
hrorizontesl
norizontael

mogrtication (4

D1ts wide, lo encodings)

LB B B B B O B B B B B BRI BN OB 3B B N IR N BN N B OB B B BRI B N I N N N W N N N BN E N OFN IR N BN N
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“CS A x, x & ALUNK
ni b Alxe x = JHESS=a>
ty sce hori12ontal
i) see horjzontal
(R see herizontal
GL see horijizontal
PCF sea horyzcontal
It see horjzental
NUL D see hcerizontal

WJTES on tne use

LB I IR BRI B B BRI W BN U g e N T S R R TR T TR N N R W W W O N NN WY B OR N N N WY

(1)

V¢

2t Vol vo3rvtrvars

LCSH 1 lpoace
ALSY 18 lcased with (SuS<i=¢> wnen |RE

L T " ] = e el -
4

tvelg /7 AD

L 1Ll J + = W

NOWE see horizontal
St see horizontasl
b s2¢ norfzontal
ol Se¢ hortrontal
ul see horjzontal
LU s5ee horvzontal

wilth |HJ<l=c? vnen ke

rovyfication, (d Dits wide,

W W N W N NN O R N N N N O N N W N NN N NN YW NN N N N N N BN N N N N B NN N N NN ENNFE Y NENNEKN L R R B N N N _

b encodings)

logaues with
loajeog with CHuUS

11D,

(' 1ES on the use ~f AUR modifirers

- e D T WY S T T U W Il A A A el B S A e DR S S ol S S S

(1) T~ere are criv £ wnigurrys s11.CP rnor12ontal®s Abr field s
only § =HI1tS avum

Léd Mawary agsress tornats are 25 tcilesse
JSe - e Y0 <

agaresscy» oy
307255 €C}i =12 I rel1ster Selnecl

_“I‘"!* “ .

RYP>kordyt , ~“oeol1C = |
ANIgreesg<<y,>» o ]
ATIress<l=1H>2 = re1sSter celect

WAV LN SR U [ VAR SN

Sam~ 4% J-btLlu woers torn at
LLC -0 Srhaly e YL =
41Qress<nu> =
A iAdre 35€)=,2
ajddress< y=v>
BAIress<| =\

Sl *Fre . I1olelf 95 je ™0
PeaIStar spfact
S Aeyvicae St ioct

vV 1t 1} e
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Ve tield 7 Mc™ mositication (4 bits wide, 16 encodinng

WOP ; ses horizontal
RM see horizontal
'Y ) seg horfzontal
RMQOD ) read sand lock memory
WHM ~rite memory, high byte unly
hL M write memory, low byte only
RHYP read hyperspace
ARYP o write hyperspace
R1J o reaoc /U
N1O | write 1/0
"~ RLCL | read local
WLCL t write locael
XCV wé take data on memory bus into IxXF, essert FETCH
MAPON » 1§ turn MAP on it armed
MAPOFF turn MAP off ”

NOTES on the use cf it™ moartiers

(1) For KMUY, memory is un=locked Dy Lhe neéxt memory cperation
it it 1is not another 4UV |

(2) For XCT, #1cracnua shoulo force a memnry cycle (to fake out
IR PIPES) using & anLCL to device ¢ rejister O

(3) MAPOFF will innipit l/u interrupts unta1i after the next
macroipstruction has bequn execution, ‘Inin festure does not
work'{t MAPUFF is ¢coged to exescute auring a DECODE CYCLE

. . il -
- ———-sieleieer i 4 e—— T ——— - S g W e L, A n il an S """"'""'I"""'l""'"-"" -——
I""‘m-"f : )
I

T T
o e
v tirela 7/ [EST mocification (4 bits wice, Jo encodings)

PE BB POPETEDEN ISP O N DY RO RGBT O DS eSO EREPT TG N DG I E NS S

U P see horizontal
ot | see horizonte)
CLEAR see horti1zonteal
LEuw{ - see horizontal
INTP see horizontal
WL SRQA See hoyrvzontal
JCrYY see horizontal
SChyp see hnrizontal
VOt see hori1zontel
oHLU ] Sa@ horieontal
it .07 see hortzontesi
AnE L see nortzontal
10SKHK see horizontal
e ] P see horigontael
LJFLO see hort{zontal

V1 tield ¥ RAND moditicetion (4 oits wiae, 16 encoaings)

---------"--'---l-----'---ﬁ--'--.n------------‘--------ﬂ--‘-----
I ]

"NOP v see horizontasl

"IRSTUL If? see horizontasl
AOTOI f see¢ horiaontal

GIINC | see horizontal
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GODEC ] see horizontel
GIAINC ' see horizontel
GUADEC sse horfzonts)
SETCRY - .§ see hérfzonte)
CLRCRY see horizontal
6LL see horligzontsl
GRR | see horfzontal
GLLGOD see horfzontal
GRRGOD 1. ..  see hpplgontai
nYPBN“ﬁri | see, hafidpnte)
WAM tield (4 bits wices, J&6 encoainas)
it B R R e g S S A AR TR ——
he A | - ¥YPL 3 VPC ¢+ )
Sr1P VPL = vyPL ¢+ 1 + 1
JUMP ynconditional trensfer | VvPC = Vvitive )
UECODE vpezin interpretation of a new macroinstruction
SDCODE JECIVE but sllow & macrc skip
T JUMP 1f SKIP 2 ) then JUMF, else NEXI
FJUMP 1t SKRIP & (0 then JUMP, else iltX}
TSK]P tf SKIF = | then SKIP, else NEXI]
FSKIP tf SALIP 2 0 then SK]P, else WEXI]
IREPT 1t SKIP = | then JUMP to current VPC, else NEXT
FrePT 1t SKIP &8 U then JUMP to current VPC, else AEXT
| UCUDE 't SKIP = | tnen DECCUE, else NEXT
FOCODE 1t SKIP 2 0 then VECUUE, else NEXT
CALL subroutine call | VPCSAV = vPCe+), VPC 3 VIllVe )
RTkN suoroutine return | VYPLC 3 VPCSAY |

NOTES 63 the use nf NAM micro-orders

(1) The NAM tielg senses the olo value ot thne SKIP flag, not the '
new value wnich is umtermineg Ly the mnorizontal selected Dy

the Ccurrently executing vertical

Srecral raras~are congitions such &s ] (NcnMaskable
Interruot) are hanuyled ouring a VtLLUF CYCLE

(2)

1 373 an SCCULE 198 18SSUec, then the macro=

in Ikl is not executen. Ine next macroe

t> be executea 18 ftounc in IKF (the mecro-

in Ind is skipped). Ihis is cellec “macro skip’
Ly macroinstruction intercreters such as CLM

It SKIP =
instrugtion
tnstrugtinn
instrugctian
ang 18 useo

(3)

(4) It 18 flleyal to write PLF ofr reusd 1IN if a CECODE is

i1ssued (1.6, you can’t start the autoromous fetch unit and
DECUDt ci1rulteneousty)
is polynorial, not DInary

(S) vPC sequencinc

(b) SK1P {9 clesarea oy every UELLUDE CrlLE
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APPENDIX C

STARTING MICROINSTRUCTION SET

ADRM, Y3 e18na V2 fielus (total 14 bits wide)

L 3 X K A 3 B R 4 J -----'---I'-I--'I-.-------------'-----.---I--- o o U 4 O . 0 W

Same ... in vertical control ROM (VCR)

oy

- ¢

Y I
AQRY flield (9 bits wide, S12 encoaings)

-------—r-';i--------ﬂ-'i----------n- ------ -‘---'------ﬁ-nﬂ'-----

Each encoding 18 a pointer to cne of 26b vertical
microinstructions in the VCR . 1Jhis pointer is loaded tnto the
VERTICAL PC (VPC) to begin normal vertical sequencing through
the VCR

U field (1 2it wice, 2 encodings)

N 30 nct irnvocke & macroinstruction cdecode

Y 3 {invoke 8 mecroinstruction Jgecooe and allow o
mACPrO Skip

NOTES

U i dp 40 o e e kv E P TP 99 EEET RS D e . O o oha O S W N Ay WAl B G Bp B o e ok B i ED B s

(1) The D freics 18 used by macroinstruction interpreters which
congist ot only cne vertical rnicroinstruction (e,o. ALCs).
In those cases, the VCR 5 n2t accesseaq

(2) lhe ADRv fielo v8 1unorea 1t & macroinstruction udecooe 18
invokeg using the v fielo

(3) Jf SAIP = 1 ana ¢ macroinstruction decode 18 1nvoked using
the O field, tnan the macroinstruction tn Lrbd s not
executerd. Ine next macroinstruction to be exgcuted 18 found
in IRF t(the niacroinstruction {n Ilru V¢ skipped). This i8
callea “nacro skin® ang 18 usea oy tne ALLS ang others

1‘#) It 18 1i1legal Lo write PCF or read 1K it a mecroinstruction
cecode 18 invokeg (i.e, you can’t start the sutonomous fetcCh
uhit ana gecole gimyltaneous!y)

(S) SKIP {8 cleseareu Ly overy LtCOVE CriLe
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APPENDIX D |
SPECIFIC HORIZONTAL FIELDS
LABEL Aptly pud Ac U SHE vl o AL ME A TEud RAND
0000 NOOP: = - - FuoS muLy NONE P P NOP
0001 RMmEM: vl - - PASS V1 Ve Al NUPH NOP
V002 NWNEM: V1 - - LS NUL U V< * NUP NOP
00G3 xMEMG]l: Vi - MUV IPALS v LIADK V2 NOP NUP
Q0vd xMEMLUS VI - MUY PASS YL LOAUK Ve NP NOP
VOUS XMEMIG: vl | - AUV PASS v GIADK Ve NOP GIINC
0006 XMEMDG: VI - “U¥  PASS VI viADR V¢ NP GLOEC
i H

0007 COUMAM: vl - CUM  |PASS y¢ TR NUP NOP MOP
OUl¢ NEOLH: vl [ = NEG  IPASS V¢ ik NUF le(iP MOP
JOIl MOVH? vi - MUV PASYS Ve NIINE NOF NJP NOP
Jvid INCH? V1 - G pPASS ve NUME MUY MO NOP
015 APCn:e v i Vé AWWC pPAS3 ye METH eV WU P MOP
JOil&d subn; vl V& »UM PASS \/ TIRITY 4 T1V] o T181 = N0 o
v015 ALuUn: vl Ve AUD  pPASS ve YTRIFE NUP NOP NOP
JUlb ANUNH vl ve At PASS ve N{INE NJP NOP NOP
wOl7 alln: vi v Aul PASS V¢ HiINE ryP i9]a NUP
0020 AMC s vl vV AT.C FADS v 185 « WU NOP NOH
vi2l DOtCm: V1] MUBL [ ALO  PASS Ve ik, NP 40P NUP
0022 MLV]T: vl - "Wy FASS L1 O NE YUY V< NUP
0023 ADUHC: VI v¢  |8uD  pays ve  NUKE  AUP UCKYB  NUP
00cd GIOASE GO 6 | vl v s NONE WL HOr MNUP
U0eS GIUAT: Gu L v 1 FaoS o NONE My - rUF
Yoo LALAOT oL L 1y Ve L NE oIl o T o NOUP
yued LrLATS wi Lh v ) "33 oL MYl oL v/ NUP
0050 MuLng v | Ve MUL 1.1_:.”-.' ve o NG U Lt LHkGDD
PU3l “MULSHZ v ] v IR B R Y P AN E T o LGEw/Z LRKkGLD
v0is2 vivn: v | v LY RUOLL v JirisE vUP bt G GLLGOU
0033 Srlrls v - “JV oy L skt 1o HH P
w034 ShlrfL: vl - b Y P vl MR- e SHUUT ~OP
0059 SHIFTMN: VI - JIER" Y v | leihiNE S XILEG LLup
w030 THT: V1 - 2V Py wull YINE WU Ve NU P
4037 RuNIST: G - UM FASS L dIINE dUP Ve V]
0040 LITGI: ZERU 1§ AU | FASS {61 NONE  NUP NUP. NUP
0041 LITGD: LeERU L] ADD [ HASS |G NONE NOP NOP NOP
0042 L1TGR: Z2ERU 11 ADD YPASS 6K NUNE NUP NOP NOP
0043 LITGL: ZERU (11 Al TPASS (6L NUNE NOP NOP NOP
0044 LITSGI: Z2ERU 17 AL SwAP Rty NONE NOP NOP NUP
0045 ADDLIT: U1 LIl aub PASD (] Y1311 o NUP NO# HOP
VU4b MUVHRU: ZERU. y2  aub (PASSU v NONE  HOP H0P NOP
0047 INCHRUS ZERO y? aLl PASHU V] NUNE NOP NOP rNOP
V0SS0 UCLHPGI: VI Ve suty PADS NUuLD iWONL NOP UCRYY NUP
0051 JULMPGE: VI Ve AC PAIS NULD NITNE NOP UCRYd HNOP
0oSe scempGl: vi vr sy PASY NulL D WNJUNE NOF SCRYd HWOP
V053 SCMPuE: VI V2 ApC PASS Nutu HUNE NOP SCRYd NOP
0054 COMPEU: VI Ve Su.t PADD NULWD NONE HoP, XEGZ NOP




—

. — s gl ==  —— gl - g

47 48
V059 SOSHL: Vi - IV LL1 P 'R | WONE WGt V2 GLLGOD
0056 SUSHR: Vi - Mgy Lanx vy NUWE NP Ve GRRGOU
0057 EFA: IRESK anol &N PASS (3] NONE NOP CLEAR IRSTUL
0000 XgkFaul: 1InD X4ic  aph FASS L) NURNE NUP CLEAR a01701
J0bi XEFALT: InRU anol apy PAOS ] NUNL NUF CLEAK ADTOI
Jlo2 MUville vl - vy FAODS L NONE NOF CLeanr AOQTOI
0003 RMEriI]: VI - - PAS: VI LIADKR K~ ' GIINC
00bd4 RMESDS = - - |PASH V] LDADK  RM Ve LLAVEC
0065 wMecmMi: v - - FALS Ul Q GILADKE Wl V< GLAINC
0006 wWWeMmi: VI - \-— PAIDS vyl LDADK w4 Ve GUDEC
J0a7 LINCT: vV ] - el PADS bt QP V2 NU P
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* Horizontal Control ROM

What is claimed is:

1. In a data processing system having one or more 45
system components, including a central processor unit,
one Or more memory units and one or more input/out-
put units, and a common bus for providing transfer of
information among said central processor unit, said one
Or more memory units and said one or more input/out- s
put units;

means connected to all system components capable of

access to said common bus for generating two
separate clock signals identifying a first time phase
and a second time phase, respectively, to provide a s
system bus operating time signal defining a bus
cycle operation each cycle of which includes said
first time phase and said second time phase;

means at a system component capable of access to

said common bus for supplying a first control sig-
nal when said system component has obtained ac-
cess to said common bus and is transferring on said
common bus information defining a type of bus
cycle operation and addresses or instructions for
said operation, said first control signal supplying 65
means, in response to the presence of said second
time phase, being inhibited from supplying said first
control signal during said second time phase;

means in other system components responstve to the
presence of said first control signal for inhibiting
the placement of data on said common bus;

means at said system component for supplying a sec-
ond control signal when said system component is
providing data for said bus cycle operation and is
transferring data on said common bus during said
first or second time phase of a bus cycle operation;

means in said other system components responsive to
the presence of said second control signal for inhib-
iting the placement of subsequent information de-
fining a type of bus cycle operation and addresses
or instructions for said operation for transfer on
said common bus until the transfer of said data has
been completed by said data providing system
component.

2. In a data processing system in accordance with
claim 1 wherein
said information defining the type of bus cycle opera-
tion which is to occur comprises a first selected
plurality of bits for identifying the bus cycle opera-
tion as a type of memory reference operation or as
an input/output operation involving input/ocutput
units and a second selected plurality of bits identi-
fying an address for a memory reference operation
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or identifying a selected instruction for an input-
/output operation.

3. In a data processing system in accordance with
claim 2 wherein said second selected plurality of bits
comprise a first field defining input/output and data
channel operation, a second field defining input/output
ports for use during such input/output and data channel
operations, a third field defining the direction of a data
transfer during such input/output and data channel
operations, a fourth field defining other selected operat-
ing control operations, and a fifth field containing de-
vice code information identifying an input/output unit.

4. In a data processing system in accordance with
claim 3 wherein said second field further defines a re-
quest for a report of the status of the input/output unit
identified by said device code information; and

said identified input/output unit includes means re-

sponsive to the status report request for providing
data which contains status information pertaining
to said identified input/output unit.

5. In a data processing system according to claim 1

selected ones of said system components each include

bus request means for generating a bus request signal
when said system component desires access to said
common bus,

means responsive to a data transfer operation of said

system component when said component has ac-
quired access to said common bus for generating a
data transfer control signal indicating that a data
transfer for said system component has not been
completed, and

means responsive to a request by said system compo-

nent for continued access to said common bus for
generating a bus lock control signal indicating that
said system component is maintaining control of
access to said common bus,

said bus request signal, said data transfer control sig-

nal and said bus lock control signal being commu-
nicated on control lines common to all of the sys-
tem components on said common bus, a system
component thereby obtaining exclusive access to
said common bus when its bus request signal s so
generated so long as no other system component
has previously asserted its data transfer signal indi-
cating that a previous data transfer operation with
‘respect to said other system component has not
been completed and so long as no other system
component has previously asserted its bus lock
signal indicating that said other system component
is maintaining prior control of access to said system
bus.

6. In a data processing system in accordance with
claim 1 wherein
said bus cycle operation information is an nstruction
word identifying a selected system component and
requesting a report of the status of said identified
selected system component;
and
said identified selected system component includes
means responsive to said instruction word for pro-
viding data which contains status information per-
taining to said identified selected system compo-
nent.

7. In a data processing system in accordance with
claim 2 wherein said bus cycle operation information is
an instruction word which identifies an input/output
operation and which further identifies a selected input-
/output unit and requests a report of the status of said
selected input/output units; and
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said selected input/output umit includes means re-
sponsive to said instruction word for providing
data which contains status information pertaining
to said selected input/output units.

8. In a digital data system having a plurality of system
units connected to a common bus, bus means for con-
trolling access to said common bus, comprising:

means for generating two separate bus clock signals

identifying a first time phase and a second time
phase, respectively, and

bus interface means in each one of said system units,

said bus interface means of each one of said system
units including
means responsive to a bus clock signal during said
first time phase for (1) providing on said bus a first
word identifying (a} an operation requested by said
one of said system units and (b) another one of said
system units requested to perform said operation
and for (2) generating a first signal indicating that
said first word is present on said bus, said first
signal generating means, in response to the pres-
ence of said second time phase, being inhibited
from generating said first signal during said second
time phase;
means in other system units responsive to the pres-
ence of said first signal for inhibiting the placement
of data on said common bus; H

means at said one of said system units responsive to a
bus clock signal during said second phase, and to a
previous said first word requesting satd operation
to be performed by said another one of said system
units, for (1) providing on said bus a second word
for controlling the performance of said operation
and for (2) generating a second signal indicating
that said second word is present on said bus;

and

means in other system units responsive to the pres-
ence of said second signal for inhibiting the place-
ment of a said first word on said common bus.

9. The bus access control means of claim 8 wherein

said bus interface means of said each one of said sys-

tem units is responsive to said second signal gener-
ated by said bus interface means of said each one of
said system units units to inhibit the providing of
said first word and the generating of said first sig-
nal, and

responsive to said first signal generated by said bus

interface means of said each one of said system
units to inhibit said providing of said second word
and said generating of said second signal.

10. The bus access control means of claim 8, wherein

said first word is an instruction to one of said system

units identified by said certain first word for a re-
port of the status of said identified one or said sys-
tem units, and

said identified one of said system units is responsive to

said instruction to provide a corresponding said
second word containing status information pertain-
ing to said identified one of said system units.

11. In a digital data system of claims 8, 9, or 10
wherein:

said first word comprises a first selected plurality of

bits for identifying the bus cycle operation as a type
of memory reference operation or as an imput/out-
put operation involving input/output units and a
second selected plurality of bits identifying an ad-
dress for a memory reference operation or identify-
ing a selected instruction for said one of said system
units.
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12. In a digital data system of claim 11 wherein said
second selected plurality of bits includes a first field
defining input/output and data channel operation, a
second field defining input/output ports for use during
such input/output and data channel operations, a third
field defining the direction of a data transfer during
such input/output and data channel operations, a fourth
field defining other selected operating control opera-
tions, and a fifth field containing device code informa-
tion identifying said one of said system units.

13. In a digital data system having a plurality of sys-
tem units connected to a common bus, a method for
controlling access to said bus, comprising the steps of

generating two separate bus clock signals identifying

a first phase and a second phase, respectively, and
in each of said system units,
determining whether said first time phase signal or
said second time phase signal is present and,

during said first phase, generating a first word identi-
fying an operation requested by said one of said
system units and identifying one of system units
requested to perform said operation, placing said
first word on said bus, generating a first signal
indicating said first word has been placed on said
bus, and inhibiting the generation of said first signal
during said second time phase,

inhibiting the placement of data on said common bus

by said system unit when said first signal has been
generated by another of said system units;

during said second phase, and in response to a previ-

ous said first word requesting said operation to be
performed by said one of said system units, generat-
ing a second word for performing said requested
operation, placing said second word on said bus,
and generating a second signal indicating that said
second word is present on said bus; and

inhibiting the placement on said common bus of a said

first word by said system unit when said second
signal has been generated by another of said system
units.
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14. The bus access control method of claim 13, fur-
ther comprising the steps of

using said first signal generated during said first phase
to inhibit the generating of said second word and
the generating of said second signal during said
first phase, and

using said second signal generated during said second
phase to inhibit the generating of said first word
and the generating of said first signal during said

second phase.
15. The bus access control method of claam 13,

wherein:

said first word is an instruction to one of said system
units identified by said first word for a report of the
status of said identified one of said system units, and

said identified one of said system units is responsive to
said instruction to provide a corresponding said
second word containing status information pertain-
ing to said identified one of said system units.

16. In the method of claims 13, 14 or 15 wherein:

said first word comprises a first selected plurality of

bits for identifying the bus cycle operation as a type
of memory reference operation or as an input/out-
put operation involving input/output units and a
second selected plurality of bits identifying an ad-
dress for a memory reference operation or identify-
ing a selected instruction for said one of said system
units.

17. The method of claim 16 wherein said second
selected plurality of bits includes a first field defining
input/output and data channel operation, a second field
defining input/output ports for use during such nput-
/output and data channel operations, a third field defin-
ing the direction of a data transfer during such input-
/output and data channel operations, a fourth field de-
fining other selected operating control operations, and a
fifth field containing device code information identify-
ing said one of said system units.

. * & x %



	Front Page
	Drawings
	Specification
	Claims

